ABSTRACT
INTRODUCTION
Significant changes in the electrical distribution networks are due to the evolving production system technologies oriented to the realization of medium and small size distributed generation, together with the development of the free market. As known, these systems are changing from pure passive to active networks implying: i) the need for distributed energy resources (DERs) management/dispatching, ii) development of specific telemetering systems and iii) update and adaptation of protection and control systems [1, 2] . The power systems automation is integrated in a structured hierarchy of controls in order to satisfy the needs of various levels of energy delivery. Concerning the management of distribution networks, a structure similar to the known EMS -Energy Management System -typically adopted in transmission networks, may be suitably modified and adapted. In analogy to the EMS, distribution networks could use similar structures distributed and coordinated at different levels. In this respect, the term DMS -Distribution Management System -is usually adopted in analogy with EMS. Distribution networks can be managed and coordinated at different voltage levels from a single control and/or distributed control centers [3] . The paper presents the main characteristics of a centralized two-stage scheduler designed for the integration in the Distribution Management System (DMS) developed in the framework of the ENEL "Smart Grid" Project [4] . The optimal scheduling of distributed energy resources (DER) is achieved through a day-ahead scheduler that calculates the active power set points during the following day, and an intra-day scheduler that updates the DERs set points every 15 minutes, taking into account the results of the day-ahead one. The information collected by the scheduler for its operation are the measurements from the network and the information provided by state estimation and forecasting tools of both load and renewable generation (e.g. [5, 6] ). Although several different functions may be taken into account (e.g. for the power quality improvement [7] ), the main objectives of the intra-day scheduler are the optimization of the voltage profiles together with the loss minimization. The action of the DMS scheduler on the DERs requires specific controllers that coordinate on-load tap changers (OLTCs) with the regulation of reactive exchanges between Distributed Generation plants and feeders (e.g. [8] ). Several approaches have been proposed in the literature (e.g. [9] [10] [11] ) for the voltage profile optimization. The approach here adopted is based on an iterative procedure that combines the use of a detailed threephase load flow calculation and a MILP (mixed-integer linear programming) optimization algorithm. The structure of the paper is the following. Section II reviews the trends in the automation of electric distribution systems. Section III describes the two-stage scheduler. Section IV presents the application of the short-term scheduler to typical Italian urban and rural distribution feeders. Section V concludes the paper.
TRENDS IN THE AUTOMATION OF ELECTRIC DISTRIBUTION SYSTEMS
Power distribution networks can be managed from a single and/or from distributed control centers on the territory. This control makes use of a Supervisory Control and Data Acquisition (SCADA) and is based on the communication between the control center and the controlled equipment, namely: generation, breakers, on load tap changers, etc. These devices must necessarily be equipped by actuators that allow to carry out the operation demanded from the control center. The communication between the control center and the actuators is realized by means of secondary devices called Intelligent Electronic Devices (IED). The SCADA systems are distributed so as to control different network levels. Fig. 1 The distribution companies have always managed their networks in accordance to four objects: operating, maintenance, engineering and business management. Often in the past these objectives have been kept separated to simplify the realization of specific application functions. The tendency of new DMS is to realize one single platform that integrates all functions and applications. However, according to the main and predominant objective of the distribution company, the complete integration of the functions in the DMS can be obtained in different ways. Two are the typical approaches in the development of DMS applications: a) "GIS-centric" solution and b) "SCADA oriented" solution.
The first solution makes reference to the term GISGeographical Information System, and is more oriented to the off-line management of distribution networks. Typical functions, like fault detection and network restoration, have been implemented in the past thinking more to the territory and, therefore, with requirements aimed at providing a clear picture of the distribution network using software solutions oriented to off-line control and management. Considering that the large penetration of Distributed Resources drives the necessity for the operators to collect information typically provided by SCADA systems and real-time database, the "GIS-centric" solution allows a more exhaustive description of the network, but it demands a continuous alignment and synchronization of the database with the in-field data that are fed to the SCADA. On the other hand, the "SCADA-oriented" solution may be less powerful in terms of distribution network visualization but it allows a continuous alignment of the power network data and the possibility to develop control functions. The fundamental element for the creation of a DMS structure is therefore the ability to interface it to the SCADA system and its advanced functions, thus realizing systems that integrate the two above-mentioned approaches. Due to the predominant radial topology of distribution networks, their geographic extension and relatively low level of automation and monitoring, the DMS applications developed until today are mostly oriented at providing to the operator off-line tools for the network analysis. The approach for the development of new DMSs capable to operate effectively on active distribution networks has to take into account the new needs expressed by energy markets and distributed resources and to make use of recent progress of ICT (Information and Communication Technology) [12] . It can be thought that, several of the typical EMSs functions usually oriented for the transmission networks management will be adapted to DMSs. The transition will be gradually operated.
In the next section a two stage approach is described for the DMS function relevant to the optimal scheduling of the available DERs.
A TWO-STAGE SCHEDULER OF DISTRIBUTED ENERGY RESOURCES
As described in [13] , the proposed approach is composed by two stages: a day-ahead economic scheduler that calculates the active power set points during the following day in order to minimize the overall costs, and an intra-day scheduler that, on the basis of measurements and short-term load and renewable production forecasts, updates every 15 minutes the DERs set points. The need for a 24-hour horizon is justified by the optimal use of the available energy storage facilities and by the inter-temporal operation constraints. The optimal intra-day scheduling of DERs is based on the use of a detailed three-phase load flow Prague, 8- Fig. 4 shows the considered distribution test network that includes both urban and rural feeders. The two urban feeders are characterized by the presence of cable lines and high load density. The two rural ones present longer overhead lines and a lower load density. All the feeders are connected to a 132/20 kV sub-station by means of two transformers equipped with OLTCs. The analyzed configuration considers the presence of 10 active DERs, 7 connected to the urban feeders and 3 to the rural ones. The loads are modeled taking into account their voltage dependency and the following results make reference to the case of maximum load request. The following results are obtained for two different objectives of the optimization procedure noted as Opt. A and Opt. B. In particular, for the Opt. A case only the minimization of voltage deviations with respect to the rated value is assumed as objective function. Fig. 5 shows the voltage profiles of an urban feeder and a rural feeder before and after the optimization. Table I and Table II for both the cases Opt. A and B. 
APPLICATION EXAMPLE OF THE SHORT-TERM DMS SCHEDULER

CONCLUSIONS
The two-stage scheduler described in the paper represents a promising approach for the management of distribution network with high penetration of DERs. In particular the preliminary simulation tests have shown that the intra-day scheduler converges in few iterations and, therefore, it features computational time compatible for online applications. The network representation within the EMTP-RV environment allows a detailed modeling of the various distributed resources. Prague 
